In response to moisture stress during different growth stages, Shahriar CV (C 3 ) was damaged more severely than Chamran CV (C 1 ), the latter enjoyed more yield stability under such conditions. The result of stepwise regression analysis showed that the most important yield component was number of grains per spike followed by number of spikes per unit area, then, by 1000 grain weight. Analysis of simple correlation and path analysis showed that, in overall, given direct and indirect effects of yield components on grain yields, number of grain per spike had the largest effect on grain yield.
INTRODUCTION
Drought is the most common environmental stress affectting about 32% of 99 million hectares under wheat cultivation in developing countries and at least 60 million hectares under wheat cultivation in developed countries (Rajaram, 2000) . Iran is one of countries where such abiotic stresses such as drought, salinity, heat and cold result in yield decrease, soil fertility destruction, and in some cases, impossibility of continuing farming. In Iran, about 67% of wheat -cultured area is devoted to dryfarming lands, which are exposed to drought stress during growth season (Galeshi and Oskuei, 2001 ). Such limiting factors as low temperature in winter (absolute *Corresponding author. E-mail: keyvan@iauksh.ac.ir..Tel: +98-831-8247901. Fax: +98-831-8237775. minimum of temperature;-30°C), high temperature during the terminal grain filling period (+35°C), and post anthesis water deficit condition in irrigated wheat, influence crop growth and yield (Sanjari, 2001) .
Stage of plant growth is important, under stress conditions, to the degree of the impact of drought stress on wheat growth and final yield in addition to intensity and duration of drought stress period (Palta et al., 1994) . Many reports relate to drought stress on yield and yield components of grain wheat. On the whole, the drought stress entailed a significant decrease in grain yield, number of fertile spikes per unit area, number of grains per spike, 1000 grain weight, biological yield, harvest index and plant height (Fischer, 1979; Debaek et al.,1996; Moustafa et al., 1996; Reynolds et al., 2001) .
In a study on wheat, Day and Intalop (1970) declared grain yield reduction because of drought stress at stem elongation stage due to decrease in number of spikes per unit area and grain yield per spike. Flowering and grainfilling stages were identified among the most critical stages of wheat growth and development to drought stress, during which wheat exhibits the highest sensitivity to water deficit. Also, it has been reported that wheat is sensitive to drought 2 weeks prior to anthesis (Rajaram et al., 1995; Machado et al., 1993; Richards et al., 2001) . Entz and Fowler (1990) declared that environmental stresses between 21 (tillering) and 65 (flowering) Zadoks stages had maximum effect on grain quantity, shoot dry matter production, harvest index, grain protein yield , number of spike per square meter, number of grain per spike and number of grain per square meter. Sieling et al. (1994) stated that post flowering drought stress reduces the numbers of spike and of grain per spike and in terminal growth stages, it even reduces grain weight. Saleem (2003) reported that at stem elongation stage, moisture stress reduces yield due to less number of spikes per unit area and grains per spike. Royo et al. (2000) reported that flowering-to-maturity drought stress, is usually accompanied by high temperature, shortened grain filling period for Triticale, reducing 1000 grain weight. Debake et al. (1996) demonstrated that imposing stress, especially after anthesis stage, entailed a significant decrease in harvest index. Gupta et al. (2001) declared that there was a direct positive relation between biological yield and grain yield. Harvest index is so extremely affected by environmental changes that its value increases under desirable climatic conditions and decreases under drought stress condition at final period of plant growth (Siddique and Whan, 1994) . The objective of this experiment is to determine the sensitivity of wheat growth stages to drought stress and to study correlations between yield, yield components and different traits related to yield under moisture stress conditions.
MATERIALS AND METHODS
This research was conducted in [2007] [2008] MSTATC and the Statistical Package for the Social Sciences (SPSS) software were used for statistical analysis. Combined variance analysis was performed after Bartlet test for checking uniformity of data variance (p=0.05) on targeted traits. Error MS of each source of variation were determined with McIntosh (1983) and Carmer et al. (1989) methods. Duncan's multirange test was used to compare meansand finally, Excel software was used to construct diagrams.
RESULTS AND DISCUSSION
Combined analysis of variance, showed that there were significant differences between the testing sites for grain yield (p=0.05), peduncle length, plant height and grain yield, while there were highly significant (p=0.01) differences for number of grains per spike and harvest index (Table 1) . For all experimental treatments, grain yield mean in Sararood station were higher than Mahidasht station (Table 2) , because of distribution of precipitation in winter and spring on Mahidasht and Sararood region which were lower by 60 and 50% than mean of long time; also mean temperature in Mahidasht region (March and April) when compared to Sararood region was higher than mean of long time, within the experiment year. On the other side, mean temperature was higher in Mahidasht region during terminate months of wheat growth period (May and June) compared to Sararood region, which resulted in shortening the reproductive period, hence in reducing wheat yield in this region (Figures 1 and 2 ).
Within most wheat-bearing regions, especially those with Mediterranean climatic conditions, cultivating conventional wheat (Triticum aestivum.L.) face drought and heat stresses during grain filling period and this terminal drought reduces grain yield (Ehdaie et al., 1988; Ehdaie and Waines, 1989) higher 1000 grain weight and more numbers of spikes per unit area (Table 2) . Biological yield was higher in Sararood due to higher plant height and longer peduncles. Considering high cor-relation between grain yield and number of grain per spike (r=0.89 ** ), 1000 grain weight (r=0.63 ** ), biological yield (r= 0.60 ** ), harvest index (r=0.93 ** ) and these components being higher in Sararood region, it was predictable that yield would be higher there (Table 4) . Giunta et al. (1993) showed that drought stress reduced all yield components so that numbers of fertile spikes as well as number of grains per spike were decreased by 60 and 48%, respectively.
In a research done on three wheat cultivars in four regions under drought stress, Shanahan et al. (1984) reported that grain yield, number of spike per unit area, number of grain per spike, and 1000 grain weight were different for each cultivar in different regions. Also Gupta et al. (2001) reported that during wheat anthesis period, drought stress reduced stem dry weight, number of grains, 1000 grain weight, grain yield, harvest index and biological yield.
In our study, drought stress had highly significant effect (p=0.01) on grain yield and all yield components so that control treatment (I 4 ) had the highest yield equal to 6632 kg/ha and treatment (I 1 ) had the lowest yield, equal to 3576 kg/ha (Tables 1 and 2 ). Day and Intalop (1970) reported that drought stress during stem elongation stage reduced the number of days from planting to flowering, plant height, grain yield, grain volumetric weight, number of spike per unit area, number of grain per spike and increased lodging with reduction of number of spike, grain yield also was decreased. Therefore, yield depends on number of grains per spike under such conditions, as a result, a significant correlation was observed between number of grain per spike and grain yield (Table 4) .
Comparison of grain yield and yield components means shows that numbers of spikes per unit area(709.35 spikes) and number of grain per spike (17.7 grains) were reduced by treatment (I 1 ) (Tables 1 and 2 ). Saleem (2003) reported that during stem elongation stage, mois-ture stress reduced grain yield due to fewer number of spikes per unit area and fewer number of grains per spike. Due to I 1 treatment, grain yield showed significant correlation with number of spikes per unit area (r=0.80 ** ), biological yield (r=47 ** ), number of grain per spike (r=0.68 ** ), plant height (r=0.47 * ), 100 grain weight (0.85 ** ) and harvest index (r=0.59 ** ) ( Table, 4 ). Because of I 2 treatment, between grain yield and number of spike per unit area (r=0.80 ** ), biological yield (r=57 ** ) number of grain per spike (r=0.56 ** ) and plant height (r=0.47 * ) were significantly correlated (Table 4) . Richards et al. (2001) declared that during flowering stage, drought stress disrupted photosynthesis and transfer of stored sub-stances into grains, which can cause reduction in the number and weight of grains. Under I 3 treatment, grain yield had high correlation with harvest index (r= 0.69 ** ) and spike number per square meter (r= 0.73 ** ) (Table 4) . Day and Intalop (1970) reported that considerable decrease in grain yield for stress during stem elongation stage was because of reduction of number of spike per unit area and of grain yield per spike. I 2 with grain yield equal to 4210 kg/ha shows 57% yield reduction com-pared to control treatment (I 4 ). Moustafa et al. (1996) declared that imposing drought stress at time of wheat spike initiation sharply decreased the yield.
I 3 with yield equal to 4607 kg/ha shows 43% reduction of yield compared to control treatment (I 4 ). Sieling et al. (1994) reported that post flowering drought stress reduces the number of spikes and grains per spike; it can even reduce grain weight during final growth stages.
Raynolds et al. (2000), Svihra et al.(1996) and Donaldson (1996) reported that post anthesis drought stress reduces grain filling rate, resulting in reduction of Table4. Correlation coefficients of grain yield with yield components and some morphological traits in wheat. P * <0.05; ** p<0.01; NS: Non-significant.; PL, peduncle length; PH, plant height; GPS , grain per spike; SPSM, spike per square meter; TGW, thousand grain weight; BY, biological yield; HI, harvest index; I1,I2,I3 and I4; 80% moisture depletion from stem elongation to end season; 80% moisture depletion from boot stage to end season; 80% moisture depletion from grain filling to end season and 40% moisture depletion during growing season(Control); C1,C2 and C3: Chamran, Marvdasht and Shahriar cultivars. 1000 grain weight which is in agreement with the results of this experiment. Since availability of water for this treatment was limited at flowing time, fewer grains were produced and the plants were able to avoid terminal season stress condition and prevented high decrease in yield, by increasing grain weight through flowing photosynthesis, available water and through remobilization of substances due to higher biological yield caused by higher plant's height and longer length of peduncles. Plaut et al. (2004) declared that weight of 1000 grains and of grains per spike were sharply reduced by occurring drought stress in the post anthesis stage.
The result of inter-trait correlation analysis in experiments done under drought and normal stress conditions indicated that traits of grains per spike,1000 grain weight, number of spikes per plant, peduncle length , biological yield and harvest index had significant positive correlations with grain yield under irrigated and normal conditions (Merah et al., 2001) .
The results of variance analysis for gain yield and all yield components shows a significant difference among the testing cultivars. So that Chamran CV (C 1 ) with a yield equal to 4992 kg/ha produced the highest yield and was at par with Marvdasht CV (C 2 ) with a yield equal to 4849 kg/ha within a statistical group, but of Shahriar CV (C 3 ) with a yield equal to 4428 kg/ha shows a significant difference with Chamran (C 1 ) and Marvdasht CV (C 2 ). The values of all testing traits were highest for Chamran CV (C 1 ). Higher 1000 grain weight in C1 and C2 indicates the inability of Shahriar CV (C 3 ) to transfer substances into grain in comparison with Chamran (C 1 ) and Marvdasht CV (C 2 ) ( Table 2 ). The results of grain yield and yield components correlations shows that, for all the cultivars, number of grain per spike had the highest correlation with grain yield (Table 4) , indicating the importance of number of grains per spike in determining grain yield of testing cultivars; harvest index, biological yield, 1000 grain weight were of subsequent importance. Also, plant height and peduncle length had significant effects on grain yield, having high correlation with it. Dejan et al. (2002) also reported high significant positive correlation between grain yield and the number of grains per spike. The results of experiments shows that, under moisture stress conditions, number of spikes per square meter, number of grains per spike, number of days prior to flowering had significant positive correlations with grain yield of plants (Garcia et al., 2003) . They also concluded that under favorable conditions, properties of number of days prior to flowering, duration of grain filling period and grain weight per square meter had significant positive correlations with grain yield. Also, the results of path analysis indicated that number of grains per spike had the highest direct positive effect on grain yield (Table 5) . Calderini et al. (1999) believe that the increase in grain yield is largely dependent on the increase in grain number, in that this yield component is of more importance than 1000 grain weight. cultivars can be attributed to differences in these traits, among which the share of numbers of grains per spike is the highest among all. Leilah and Khateeb (2005) demonstrated that five traits of grain weight per spike, harvest index, biological yield, number of spike per square meter and spike length were introduced into stepwise regression model, accounting for 98.1% of grain yield variance. The results of this analysis are in agreement with Moragues et al. (2006) findings. In the present experiment, results of variance analysis showed that cultivar and drought stress interaction effects on traits of harvest index, 1000 grain weight, number of grain per spike, and number of spike per unit area are significant (Table3). The highest and lowest 1000 grain weights related to Marvdasht CV (C 2 ) and control treatment (I 4 ), and Shahriar CV (C 3 ) and treatment (I 1 ), respectively. Also, the highest and lowest number of grain per spike related to Marvdasht cultivar (C 2 ) and treatment (I 4 ) and Shahriar CV (C 3 ) and treatment (I 1 ), respectively. And the highest number of grain per unit area related to Chamran CV (C 1 ) and treatment (I 3 ), and after it, related with treatment (I 4 ) and Marvdasht CV (C 2 ). Marvdasht CV (C 2 ) had the highest grain yield under full irrigation condition (I 4 ) and the lowest grain yield under stress treatment (I 1 ) related with Shahriar CV (C 3 ).
Review of results shows that, under moisture stress conditions, Chamran (C 1 ) and Shahriar CV (C 3 ) had the highest and lowest yield, respectively. Fischer (1979) believes that there was genotypic variance between wheat cultivars in terms of drought tolerance and, usually cultivars having high yields under normal conditions better tolerate stress conditions and produce acceptable yields.
Conclusion
Analysis of simple correlation, stepwise regression and path analysis shows that in total, the given direct and indirect effects of yield components on grain yield, number of grains per spike had the highest effect on grain yield. Number of grains per spike, which accounts for a high degree of variation in grain yield, can be considered to improve wheat grain yield. High yield of Chamran CV (C 1 ) is associated with number of grains per spike since this cultivar has retained superiority of its number of grains per spike in all drought stress treatments (Table 3 ). In general, these results confirm that Chamran CV (C 1 ) is one of the cultivars with high yield potential in moisture stress conditions, especially in terminal season drought stress conditions and enjoys high stability of yield and Marvdasht CV (C 2 ) is one of the cultivars with high yield in full irrigation condition.
ACKNOWLEDGEMENT
This work was supported by grant from Research Council of Islamic Azad University Kermanshah Branch -Iran.
